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PROGRESS IN THE STANDARDIZATION OF STAINS 


THE STANDARDIZATION OF EosIN AND RELATED DyEs 


The dyes of the eosin group have been very hard to standardize. 
In this group there are a very large number of different compounds 
theoretically possible,! and of course all conceivable mixtures of them 
may occur. In addition to this, further difficulty arises from the fact 
that the different members vary so slightly from one another in their 
staining properties that it takes a long investigation to show whether 
any particular type is better for a given purpose than some other 
type. 

It is interesting to look at a price-list of the Gribler company issued 
during or before the war and to see the grades of eosin and related 
dyes named there. Various grades are listed, as follows: 


eosin A. G. 

eosin B. A. 

eosin water-soluble, yellow 

eosin alcohol soluble, pure 

eosin, bluish, water soluble 

eosin, pure (French) for blood staining 
erythrosin, pure 

phloxine red 

rose bengal 


Turning from this to the catalogs of American companies, we find 
the National Aniline Company listing the following: 


eosin Y (water and alcohol soluble) _ 
eosin B, bluish crystals 

erythrosin B, crystals 

phloxine 

rose bengal, crystals. 


Coleman and Bell list the following: 
eosin, bluish, spirit and water soluble 
eosin, yellowish, spirit and water soluble 
erythrosin 
phloxine red 
rose bengal. 


It is plain that the present stain companies do not list as many 
different grades as were listed before the war. Does this mean that 
1See Conn, H. J. and Holmes, W. C. The fluorescein dyes as bacterial dyes. p. 87 


of this issue. 
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fewer varieties are now available or that the names on the Gribler 
price list did not all represent different dyes? In the former case, do 
the biologists need more stains in this group than can be obtained to- 
day or is the present variety sufficient? To answer these questions 
the grades listed by Griibler must be taken up one by ome, to see how 
many of them can be identified. 

In regard to the grade “A. G.” no information is at hand to show 
what it may have been. The letters “B. A.” on the second grade 
listed probably stand for “bromo acid,” and therefore indicate that 
this grade was supplied in the form of the color acid, the term in 
question being one much used in the dye industry. There is no 
reference known to the writer to tell the biological uses for which 
these were intended when marketed by the Gribler Co. as biological 
stains. It would undoubtedly be possible to identify them if there 
should be a real call for them; but the demand does not seem to 
exist at present, and accordingly no effort has been made to supply 
them. 

Eosin water soluble, yellowish, on the other hand, is well known. It 
is the same as eosin Y of the National Aniline and eosin yellowish of 
Coleman and Bell. It is the grade described in Biological Stains, page 
79, as corresponding to C. I. No. 768, and ordinarily is the tetrabrom 
compound. The dibrom and monobrom compounds are known, al- 
tho they are not market products. The extent of bromination de- 
termines the depth of color; so a limited degree of variation in shade is 
possible. As a matter of fact, the different lots on the market do not 
vary much and all seem to be about equally satisfactory for the pur- 
poses for which they are used. They are, of course, employed by 
biologists primarily for counterstains against nuclear dyes, and prob- 
ably the exact shade is not of much importance. 


Eosin alcohol soluble, of Griibler, seems to have been the ethyl ester 
of eosin Y, in other words C. I. No. 770, described on p. 80 of Bio- 
logical Stains. For the sake of greater clarity, it should be called 
ethyl eosin. At present no such product is put on the market by any 
American firm. The National Aniline Co. furnishes an alcohol 
soluble eosin, but it proves to be merely the color acid of eosin Y; 
Coleman and Bell lists only one dye which they call ‘“‘aleohol and 
water soluble’’—in other words, eosin Y. Accordingly the different 
stain companies were asked for samples of ethy] eosin if they carried 
it. In reply, only the National Aniline Co. sent a sample—one 
which they had prepared specially for the Commission. The latter 
seems to be satisfactory; and it is shortly to be put on the market, 
which will give a good alcohol soluble eosin available in the future. 
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Undoubtedly the other companies will also carry a similar product. 

The situation is different in the case of eosin bluish. Eosin bluish is 
the name given in the trade to a definite dye of this group, namely 
di-nitro-fluorescein, C. I. No. 771, described in page 80 of Biological 
Stains. The difference from eosin Y is that two of the bromin atoms 
in dibrom fluorescein have been replaced by the nitro-group. Pre- 
sumably this is the dye furnished by Gribler under the name of 
eosin bluish; but no sample is at hand for purposes of comparison, so 
the matter is not absolutely certain. It has, however, been learned 
that of the stains now on the market the product put out by the 
National Aniline & Chemical Company under this name is actually 
C. I. 771; while that of Coleman and Bell seems. to be merely an 
eosin Y to which has been added a small proportion of one of the 
bluer dyes of this group. These two stains are therefore plainly differ- 
ent things and should be sold under labels to indicate as much; but it 
is not yet certain which of the two is more like the pre-war product or 
which is preferred by biologists in their work. 

The product listed by Gribler as eosin pure (French) probably 
does not deserve to be considered a separate type. It was plainly in- 
tended for blood staining, and was undoubtedly an eosin Y which was 
purer than the ordinary supply of that day. Today, however, the 
grade regularly furnished as a biological stain is sufficiently pure to 
serve for making blood stains as well as for counterstaining in his- 
tological work. It is concluded therefore, that this particular pre- 
war grade does not need to be longer recognized. 


Erythrosin is well understood to be a different dye from eosin. As 
explained in Biological Stains, and in a latter paper in this issue? 
there are two different erythrosins recognized, generally known as 
erythrosin Y and erythrosin B. It has not yet been definitely learned 
which of these two types was furnished by Gribler nor which is now 
marketed by Coleman and Bell. The National Aniline Co., on the 
other hand, plainly list their product as erythrosin B, that is the 
bluish type, which corresponds to C. I. No. 773. Both of these ery- 
throsins are of very little importance in the textile dye trade; erythro- 
sin Y, in fact is practically obsolete. As erythrosin B, on the other 
hand, is a recognized food color, it is probable that this is the type 
regularly furnished to biologists. It is generally understood that this 
is the grade preferred in biological work; but there is as yet no definite 
data on the subject. 

In the case of phlorine and also in the case of rose bengal eee is 
likewise a possibility of at least two different compounds, a bluish 


See p. 92. 
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type and one that is not so blue, and it is uncertain which of these 
types may have been present in the Griibler stains of these names. 
At the present time however, it seems that the phloxine marketed by 
the National Aniline Co. corresponds fairly closely to C. I. No. 774 
(i. e. the less blue of the two possible compounds); while their rose 
bengal is rather C. I. No. 779 (i. e. the more deeply colored of the two 
rose bengals). 

Having recognized these various types of dyes in this group, the 
question of course arises as to which ones are most suitable for differ- 
ent purposes. This matter is not yet wholly settled; but recent in- 
vestigations have given us considerable information on the subject. 
The difference in the behavior of the different dyes of this group de- 
pends upon two factors: difference in color and difference in acidity. 
The relation between these two factors and chemical structure is dis- 
cussed in the paper that follows;* by referring to which it will be seen 
that in color the dyes above listed increase in depth in the following 
order: eosin Y, ethyl eosin, eosin B, erythrosin B, phloxine, rose ben- 
gal. In the case of each of these, the color is lighter or deeper accord- 
ing to the number of halogen atoms present. Eosin bluish is the 
strongest acid in the group, eosin Y the next strongest; erythrosin is 
weaker, phloxine weaker than eosin and possibly weaker than ery- 
throsin; while rose bengal is the weakest of all. 

To interpret this information into terms of actual use, it is neces- 
sary to remember that there are two main types of histological pro- 
cedures in which eosin is used: first as a general counterstain (usually 
in alcoholic solution) following a basic dye; secondly, as acytoplasm 
stain (always in aqueous solution) preceding a basic dye. In the first 
of these types of procedure it is important that the dye be one with 
diffuse staining properties and with a color showing good contrast to 
the basic dye employed (generally methylene blue or hematoxylin). 
The more acid and lighter colored dyes in the series (eosin Y, ethyl 
eosin, and eosin B) seem to possess these properties to the greatest 
extent and accordingly to be best adapted to such procedures. The 
particular dye to choose depends undoubtedly on the exact shade 
desired. 

The second type of procedure (i. e. preceding a basic dye) is repre- 
sented by the Mallory‘ eosin-methylen-blue stain and the Held’ 
erythrosin-methylene-blue technic. In such procedures as _ these, 

3See p. 89. 

‘Mallory, F. B. Scarlet fever. Protozoan-like bodies found in four cases. J. Med. 
Res., 10, 483-492. 1904. 

5See Ehrlich’s Enzyklopadie der Mikroskopischen Technik, 2nd Ed., 1910, Vol. I, 
p. 358. 
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both dyes are used in aqueous solution; and there is therefore much 
more opportunity for chemical interaction between the acid dye al- 
ready in the tissue and the basic dye subsequently added than when 
the acid dye is used in alcoholic solution. (It is well known that acid 
and basic dyes in alcoholic solution do not form insoluble reaction 
products.) In procedures like the Mallory technic, there seems to be 
a tendency (possibly on account of this interaction) for the acid dye to 
stain the cytoplasm too weakly when followed by a basic dye, in case 
the very acid eosin Y is used. Thus Held specifies erythrosin, and 
Mallory has recently discovered that his origina! eosin was not a true 
eosin Y, phloxine giving better results in his technic than one of the 
true eosins.’ Now phloxine and erythrosin are not only deeper in 
color than eosin Y, but are also less strongly acidic; and it is possible 
that their chemical nature rather than their color may be the de- 
cisive factor in determining their superiority for such procedures as 
this. Rose bengal is even deeper in color, and is still less strongly 
acidic; in fact, it seems to be too purple to contrast well with methy- 
lene blue and of such a weakly acid character that it tends to remain 
in the nuclei when used by the technic in question. It might prove 
valuable preceding some basic dye; but it has been found to give poor 
results preceding methylene blue in the Mallory technic. 

In the procedure for staining bacteria in soil, as developed by 
Conn’ and by Winogradsky*, the matter is still further complicated 
by the fact that the dye must be of such a color and such a strong acid 
as to stain the bacteria, but not the dead organic matter present. 

In short, there seems to be a sufficient variety of fluorescein dyes 
now on the market to meet the ordinary demands of biologists— 
except that an ethyl eosin is still lacking. As soon as this need is met, 
there will be a choice of three different shades of eosin available as 
counterstains following basic dyes (eosin Y, ethyl] eosin, and eosin B). 
Or, when a more deeply colored and less acid dye is required, the 
choice between erythrosin, phloxine and rose bengal should meet the 
ordinary needs. It is possible that as our knowledge of the exact 
properties of the different compounds increases we may want others 
not now available; but for the present the demands of biologists seem 
to be fully met. . 

It must, however, be insisted that every dye marketed be correctly 
labeled. This apparently was not always done before the war. It is 

®See Conn, Biological Stains, p. 82. 

7Conn, H. J. The microscopic study of bacteria and fungi in soil. N. Y. Agr. 

Exp. Sta., Tech. Bul. 64. 1918. 


8Winogradsky, S. Sur l’etude microscopique du sol. C. R. Acad. d. Sci. 179, 367. 
1924. 
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quite evident for example that the eosin used by Mallory when he 
first worked out his eosin-methylene-blue technic must have been a 
phloxine or some closely related dye rather than a true eosin Y. There 
is, moreover, definite evidence that erythrosin B and phloxine have 
each been put on the market labeled eosin bluish. There has been con- 
siderable laxity among dye manufacturers in labeling dyes of all 
kinds; but in this group the laxity seems to have been particularly 
great. Before the war, therefore, uncertainty as to the true nature of 
the stains in use was inevitable; but now that our knowledge of stains is 
being put on a scientific basis we must in every case be exactly cer- 
tain what we are employing. It is of some interest in this connection 
to note that, while this editorial was in course of preparation, a 
paper dealing with the labeling of stains? was submitted (entirely 
unsolicited) for publication. This shows that others besides those 
who are active in the standardization of stains realize the import- 


ance of the matter. 
H. J. Conn 


Dawson, A. B. The labeling of biological stains. p. 96 of this issue. 





FLUORESCEIN DYES AS BACTERIAL STAINS 
With Special Reference to their Use for Soil Preparations 


H. J. Conn, New York Agric. Exper. Station, Geneva, N. Y., and 
W. C. Hotmes, Color Laboratory, Bureau of Chemistry, 
Washington, D. C. 


ABSTRACT.—Erythrosin and rose bengal have been suggested in 
the past as bacterial stains, particularly in the case of the direct 
study of microorganisms in soil. The writers have made a further 
investigation of these two dyes and others of the same group (thirteen 
in all) to determine their relative merits for this purpose. It is 
found that practically all the deeper colored dyes of the group stain 
bacteria in pure culture satisfactorily; but that in the case of soil 
infusions some of the dyes have such an affinity for the dead organic 
matter as to obscure the bacteria present. Best results in the 
present work were obtained with rose bengal B; but it is pointed out 
that good staining effects may be obtained with the phloxines and 
erythrosins. The behavior of any one of these dyes when applied 
to a soil preparation varies according to the reaction of the material 
stained; and this is mentioned as a possible explanation as to why 
others have found better results with erythrosin than with rose bengal. 

One of the authors seems to have been the first to suggest the use of 
fluorescein dyes (eosins, etc.) as bacterial stains. It had been as- 
sumed in the past that bacterial stains must be basic dyes; and the 
use of the acid dyes of this group had never apparently occurred to 
bacteriologists. In 1917, however, a technic was developed for stain- 
ing bacteria in soil', and the use of either phloxine or rose bengal 
recommended. A little later? it was stated that rose bengal in phe- 
nolic solution gave better results than phloxin. Subsequently* it was 
suggested that rose bengal in phenolic solution might serve as a gen- 
eral bacterial stain. 

Later Winogradsky‘ tried the rose bengal technic for staining bac- 
teria in soil and found that he could obtain better results if he modi- 
fied it by using another dye of the same series, namely erythrosin. 

Now it happens that there is a great opportunity for confusion in 
this matter, for there are at least two distinct erythrosins (Colour In- 


‘Conn, H. J. The direct microscopic examination of bacteria in soil. Abstr. Bact. 
1, 40. 1917. . 

*Conn, H. J. The microscopic study of bacteria and fungi in soil. N. Y. Agr. Exp. 
Sta., Tech. Bul. 64. 1918. 

‘Conn, H. J. Rose bengal as a general bacterial stain. J. Bact. 6, 253-4. 1921. 

‘Winogradsky, S. Sur l’etude microscopique du sol. Acad. d. Sci., Com. Ren., 179, 
367. 1924. 
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dex Nos. 772 and 773) and as many rose bengals (C. I. Nos. 777 and 
779). It is uncertain which Winogradsky was using; nor is it even 
certain which rose bengal was employed in the original work. 

Further uncertainty arises from the circumstance that phloxines 
and rose bengals are expensive dyes to manufacture and technical 
products frequently prove of unreliable character. It was decided, 
accordingly, to test a wide range of representative derivatives. In 
some instances technical dyes of reliable quality were obtained, and 
these were supplemented by a considerable number of laboratory 
preparations of assured purity prepared by the junior author. 

Fluorescein, the parent substance of this group of dyes, has the 
following formula: 


The dye form represented in this formula is that of the color acid, 
which is relatively insoluble in water. It combines with alkalies to 
form soluble di-alkali salts :— 


NaO 


UT 


COONa 


Fluorescein and its derivatives are usually marketed in the form of 
such salts, and it is these which will be referred to as the dyes in this 
paper. 

It will be noted that there are ten unsubstituted hydrogen atoms in 
the benzene rings of the dye nucleus (in positions 1, 2, 4, 5, 7, 8,, 3’, 
4’, 5’ and 6’ of the first formula above). All of these may be replaced 
by halogen atoms and the resulting dyes vary appreciably in accord- 
ance with the identity and number of substituent atoms. The po- 
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sition in which substitution occurs is also an important factor. Fluo- 
rescein is obtained by the condensation of two molecules of resorcin 
and one of phthalic anhydride with the elimination of two molecules 
of water. The resorcin residues in the dye molecule are those lettered 
A and B in the above formula, and the phthalic anhydride residue 
that lettered C. The effect of substitution in the two former residues 
is distinctly different from that of substitution in the latter. 

Aqueous solutions of fluorescein appear dichroic. Their true color, 
as seen by transmitted light, is orange; but they display a greenish 
yellow fluorescence which completely masks their color when viewed 
by reflected light. This fluorescence is so powerful that it may be 
detected at almost incredible dilutions long after the last trace of 
color observable by transmitted light has disappeared. Objects 
stained by fluorescein also usually appear yellow. The halogenated 
derivatives of fluorescein are less fluorescent, and the color observed 
in staining approximates that of their aqueous solutions more closely. 
On account of this dichroism it is very necessary in the case of these 
dyes to distinguish between true color (as seen in transmitted light 
only) and apparent color (as modified by fluorescence when some re- 
flected light reaches the eye). Thus erythrosin Y is lighter in its 
true color than eosin Y, but is nearly free from fluorescence and so 
appears of deeper shade. 

In the following discussion of the color of these dyes the term 
“depth” of color is employed in the connotation which is customary 
with dye chemists. It does not refer to intensity of color, but rather 
to the hue. Red is a deeper color than orange, and violet a deeper 
color than red. With increasing depth of color the absorption bands 
of dyes are shifted progressively toward the red end of the spectrum, 
and it is the spectral location of the absorption band which is utilized 
in this paper as a criterion of depth of color. 


Halogen substitution in the fluorescein molecule results in a deepen- 
ing of color. In general the color becomes deeper with each succes- 
sive substitution. More specifically substitution in the 3’, 4’, 5’, 6’, 
2, 4, 5 and 7 positions deepens color. In the 1 and 8 positions, on the 
other hand, it apparently lightens the color in a slight degree,® but 
substitution does not ordinarily occur in those positions. The modi- 
fications in color which result from substitution within the resorcin 
residues are distinctly greater than those which result from a corre- 
sponding degree of like substitution within the phthalic anhydride 


5Holmes, W. C. The influence of constitutional variation upon the absorption and 
stability to hydrogen ions of certain halogenated derivatives of fluorescein. J. Amer. 
Chem. Soc. 46, 2770. 1924. 
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residue. Bromine invariably exerts a greater effect in deepening 
color than does chlorine and iodine a greater effect than bromine. 

On the other hand halogen substitution decreases fluorescence. 
Here, again, the effect is progressive and is much more marked in the 
resorcin residues than in the phthalic anhydride residue and here, 
again, the effect of bromine is more decided than that of chlorine and 
less so than that of iodine. 

Another characteristic of the dyes of this group is of interest in the 
present connection. All of these dyes are of a relatively weak acid 
character. It is natural to suspect that their ability to function as 
bacterial stains may arise from their comparatively feeble acidity, 
and to anticipate that it may prove possible to correlate their relative 
effectiveness in such staining application with their relative degree of 
acidity. 

The influence of halogen substitution upon the relative acidity of 
derivatives of fluorescein was investigated by one of the writers® by 
means of spectrophotometric measurements on their aqueous solu- 
tions over a considerable range in hydrogen ion concentration. It 
was established that substitution within the resorcin residues in- 
creases the acidity of the dye molecule whereas substitution within the 
phthalic anhydride residue decreases it. Chlorine derivatives are in- 
variably more strongly acid than the corresponding bromine deriva- 
tives and iodine derivatives less strongly acid than bromine deriv- 
vatives. The range of variation is considerable. Thus the di-alkali 
salt of 3’, 4’, 5’, 6’ tetraiodo fluorescein (the least acid member of the 


group) is not entirely stable to hydrogen ions under the compara-. 


tively alkaline conditions of 8.65 in the pH scale, whereas that of 2, 
4, 5, 7-tetrabromo fluorescein, or eosin, (the most acid member of the 
group of exclusively halogenated derivatives with the exception of the 
corresponding chlorine derivative) is stable to hydrogen ions until an 
acidity corresponding to pH 5.0 has been nearly reached. 

In the staining tests with these dyes it was found that their rel- 
ative effectiveness varies according to whether the bacteria were 
stained in pure cultures or in soil infusions. In the former instance 
any of the dyes were effective which gave retention and clear-cut 
staining; in the latter instance it was not only necessary to obtain 
such staining of the bacteria but it was also necessary that the dead 
organic matter of the soil should remain unstained or should be so 
lightly colored that the bacterial staining was not obscured thereby. 
It soon became evident that the best dye for one of these applica- 
tions was not necessarily the best for the other. 





®See footnote 5. 
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In outlining the results obtained the individual dyes will be con- 
sidered in turn. 


No. 1: 2, 4, 5, 7-tetrachloro fluorescein,—(laboratory preparation). 

This is the most strongly acid of all the derivatives of fluorescein in 
which the substituents are exclusively halogens. It is slightly yellow- 
er in color than eosin but is more fluorescent. It proved without 
value as a bacterial stain, either in soil or in pure culture. 


No. 2: 2, 4, 5, 7, 3’, 4’, 5’, 6’-oetachloro fluorescein,—(laboratory 
preparation). 
A strongly fluorescent dye which is somewhat less strongly acid 


_ than No. 1 and is decidedly deeper in color. It gave faint staining of 


bacteria in pure culture but left both bacteria and dead organic matter 
in soil infusions practically unstained. 


No.3: 3’, 4’, 5’, 6’-tetrachloro fluorescein,—(laboratory preparation). 

A very fluorescent dye which is lighter (yellower) in color than No. 
1 and distinctly less strongly acid than No. 2. It stained bacteria in 
pure culture but the staining was too light to render them con- 
spicuous. It is therefore not an effective soil stain. 


No. 4: 2, 4, 5, 7-tetrabromo fluorescein; Eosin Y, C. I. No. 768,— 
(technical sample). 

Somewhat redder in color, less fluorescent and less strongly acid 
than No. 1. The light red stain given by this dye is familiar to all 
microscopists. It is a better bacterial stain than any of the preceding 
derivatives but is less satisfactory than some of the more deeply 
colored dyes discussed below. The color is too light to prove satis- 
factory, either in pure culture or in soil infusion. 


No. 5: 4, 5-dibromo-2, 7-dinitro fluorescein; eosine B, C. I. No. 
771,—(technical sample). 

This dye is more strongly acid than eosine and is deeper in color 
while it is so much less fluorescent that aqueous solutions show but 
very little fluorescence. It stains bacteria weakly in pure culture but 
hardly affects them in soil infusions irrespective of the reaction of the 
solution in which the preparation was treated before staining. 


No.6: 3’, 4’, 5’, 6’-tetrabromo fluorescein,—(laboratory preparation). 
This dye resembles No. 3 very closely in all respects and is scarcely 
more effective as a stain, if at all. 
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No. 7: 3’, 6’-dichloro-2, 4, 5, 7-tetrabromo fluorescein; phloxine, 
C. I. No. 774,—(technical sample). 
This dye is decidedly deeper in color than eosine and is somewhat 
less strongly acid. It proves a very good bacterial stain in pure 
culture, and a comparatively good one in the case of soil infusions. 


No. 8: 3’, 4’, 5’, 6’-tetrachloro-2, 4, 5, 7-tetrabromo fluorescein; 
phloxine B, C. I. No. 778,—(laboratory preparation). 
This dye is somewhat deeper (bluer) in color than No. 7 and slight- 
ly less fluorescent and less strongly acid. It proves a better stain for 
bacteria in soil infusions than the latter. 


No. 9: 3’, 4’, 5’, 6’, 2, 4, 5, 7-octabromo fluorescein,—(laboratory 
preparation). 
This dye resembles No. 8 closely, but is very slightly deeper in 
color and is slightly less acid in character. It proves only a fair stain 
for bacteria in soil suspensions. 


No. 10: 3’, 4’, 5’, 6’-tetraiodo-2, 4, 5, 7-tetrabromo fluorescein,— 
(laboratory preparation). 

This dye resembles Nos. 8 and 9 closely but is slightly deeper in 

color than No. 9 and is somewhat less strongly acid. It is a consider- 


ably better stain for bacteria in soil than No. 9, but is not nearly as 
good as certain iodinated derivatives described below. 


No. 11: 4, 5-diiodo fluorescein; erythrosin Y, C.I. No. '772,—(tech- 
nical product). 

This dye is quite light in color but is decidedly redder than fluores- 
cein and is more strongly acid. Its fluorescence is comparatively 
slight. It proves a good bacterial stain, either in pure culture or soil 
infusions, as has already been pointed out by Winogradsky.’ 


No. 12: 2, 4, 5, 7-tetraiodo fluorescein; erythrosine B, C. I. No. 
773,—(technical product). 

It is deeper in color than No. 11 and more strongly acid and is only 

very slightly fluorescent. It is a fairly good bacterial stain but does 

not give as good preparations in the case of soil infusions as does No. 11. 


No. 138: 3’, 4’, 5’, 6’-tetrachloro-2, 4, 5, 7-tetraiodo fluorescein; 
Rose Bengal B, C. I. No. 779,—(technical sample). 
This dye is deeper (bluer) in color than any previously listed, and is 
distinctly less strongly acid than No. 12. It proves a splendid bac- 
terial stain either in pure culture or in soil infusions. In fact it gives 


See footnote 4. 
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the best results of any of the dyes tested in staining bacteria in soil 
under the conditions investigated. 


No. 14: 38’, 4’, 5’, 6’, 1, 2, 4, 5, 7, 8-deaciodo fluorescein, (laboratory 
preparation). 

This dye is completely substituted. It is slightly deeper in color 
than No. 13 and is only slightly fluorescent. No data have been 
obtained, as yet, bearing on its relative acidity. It proves good as a 
bacterial stain for pure cultures, but only fair in the case of soil in- 
fusions. 


Discussion. Three factors—color, fluorescence and acidity— 
appear to affect the suitability of the dyes of the fluorescein group for 
bacterial staining, and the simultaneous variation in these factors 
with change in constitution is of such a character as renders it diffi- 
cult to determine their individual effects with certainty. It would be 
anticipated that staining effectiveness (in pure culture) would in- 
crease with depth of color. With equal dye retention the bacteria 
stained with the dye of deeper color would appear more intensely 
stained and would “stand out” better. It is not surprising, according- 
ly, to find that staining ability in pure culture runs parallel with 
depth of color in a general way. In general, also, the more deeply 
colored dyes are also the less fluorescent and this circumstance also 
probably contributes in an appreciable degree to increasing their 
general effectiveness. Stained material is viewed by reflected light 
and fluorescence would render its apparent color lighter and less 
distinct. Loss in fluorescence does not invariably accompany in- 
creasing depth in color and attention may be called to certain com- 
parisons which appear to indicate that relative fluorescence is an im- 
portant factor in the present connection. Octachloro fluorescein 
(No. 2) is almost identical in color with phloxine B (No. 8) but is 
much more fluorescent. On the other hand erythrosin Y (No. 11) is 
comparatively light in color, but is, at the same time, only slightly 
fluorescent. With all due allowance for the probable influence of 
acidity in the matter, it appears possible that the relative ineffective- 
ness of octachloro fluorescein in bacterial staining arises, in large 
measure, from its decided fluorescence, and the relative effectiveness 
of erythrosin Y from its comparative lack of fluorescence. Both in- 
crease in depth of color and decrease in fluorescence appear to pro- 
mote staining utility, and the latter factor appears fully as important 
as the former. 

It is evident that the influence of relative acidity in the matter is of 
secondary importance. The ineffectiveness of eosin B (No. 5) appears 
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to indicate that increasing acidity is detrimental and other evidence 
points to the same conclusion. Certainly, however, the results in 
general do not show that relative acidity is a factor of such import- 
ance as it was anticipated it might prove to be. It appears probable 
that increasing acidity is detrimental, in general, but that its influ- 
ence is obscured by the predominating effects of changes in color and 
fluoreseence. Altho the most strongly acid dyes of the group 
(Nos. I, 2, 5 and 4) stain poorly, erythrosine B and phloxine B, which 
are also comparatively acid, stain moderately well. 

In the case of soil infusions, staining effectiveness upon bacteria is 
further complicated by the behavior of the dyes toward the dead 
organic matter present. Certain dyes stain the latter material in 
sufficient degree to obscure the bacterial staining which would other- 
wise be apparent. A tendency to stain the dead organic matter was 
observed most strongly with dyes of the most weakly acid nature, 
from which it might be inferred that the staining of such matter is 
favored by increasing acidity. Thus tetra-iodo-eosin (No. 10) and 
tetra-brom-eosin (No. 9) are poor stains for bacteria in soil because 
they have too strong an action on the organic compounds. The best 
results for this purpose were obtained with the dyes occupying inter- 
mediate positions in respect to their chemical composition (phloxines, 
erythrosins and rose bengals), which show a considerable depth of 
color but are fairly strongly acid. It is noticeable that phloxine B was 
found superior to phloxine, and erythrosin Y superior to erythrosin 
B; in each of these cases therefore the less strongly acid of the dyes 
gave the better differentiation. It is thus apparent that to show the 
best differentiation between the bacteria and the dead organic ma- 
terial in soil a certain depth of color and a certain degree of acidity 
may be necessary; but it is impossible as yet to give a definite answer 
to the question why some of the dyes giving satisfactory results in 
pure cultures should fail to do so in soil infusion, while others should 
succeed. 

It has further been observed that the effect of a dye in staining 
bacteria in soil varies according to the reaction of a solution in which 
the dried infusion has been treated. This is in accordance with 
recent observations of Naylor’s*. Some of the dyes seem to stain 
better if the reaction of the solution used is rather alkaline, others if 
it is rather acid. Erythrosin and rose bengal seem to act differently 
in this respect. There is probably a similar effect produced by dif- 
ferences in the H-ion concentration of the soil under investigation, in 


8Naylor, E. E. 1926. The hydrogen-ion concentration and the staining of sections 
of plant tissues. Am. J. Bot. 8, p. 263-275. 
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case no effort is made to adjust the reaction of the infusion by treat- 
ment in a buffered solution before staining. This may well explain 
why the author obtains best results with rose bengal, Winogradsky 
with erythrosin. 

In the course of this investigation much information has been ob- 
tained as to methods of improving the technic for staining bacteria in 
soil. This matter is still being studied; but will be published shortly 
ina further paper. At the same time it is hoped to present more data 
concerning the effect of reaction on the staining properties of these 
dyes. 





THE LABELING OF BIOLOGICAL STAINS 


ALDEN B. Dawson 
Department of Biology, New York University. 


Until recently biologists have been mainly concerned with the 
shade produced in fixed tissue by a given stain; of late, however, the 
staining of living organisms and tissues has become quite general and 
more attention has been directed to the chemical and physical prop- 
erties of stains as related to such problems as absorption, selectivity 
and elimination. 


At present very little information regarding the chemical compo- 
sition of any stain can be obtained from the lists in the manufacturer’s 
catalogs or from the labels on the containers. A trade name is 
usually the only information given and it is often incomplete, i.e., the 
letter or word, commonly used to indicate a certain difference in 
chemical composition is omitted. 

The book recently published by the commission on Standardiza- 
tion of Biological Stains! is a great help in this respect as it gives the 
commonly accepted chemical composition as well as the preferred 
name and common synonyms of a large number of the stains in gen- 
eral use. The emphasis, however, is placed on the trade name. 


The present use of trade names for more or less definite chemical 
compounds is a heritage of the days when manufacturers of dyes and 
those engaged in the textile industries were chiefly interested in 
keeping their trade secrets from competitors. The need of such se- 
crecy is presumably gone and it seems as if some more scientific 
method of labeling could be adopted which would be of mutual bene- 
fit and convenience to both manufacturer and biologist. 


In general the basic dyes are distributed as salts of a colorless acid 
such as hydrochloric, sulfuric, sulfonic, oxalic or acetic while the acid 
dyes are sold as salts of sodium, potassium, calcium, zinc or ammo- 
nium. An investigator, even if he knows the chemical composition of 
the chromophoric and auxochromic groups, may be uncertain, first as 
to the chemical which has entered into the formation of the salt which 
he is using, and secondly whether the chemical is present in excess. 
This problem can, in many cases, be most easily solved by writing the 
manufacturer. 

In studies of permeability involving dye absorption and elimination 
such information regarding a dye becomes of major importance since 
such kations as Na, K, and NH, tend to cause an increase in per- 


1Conn, H. J. 1925. Biological Stains. Geneva, N. Y. 
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meability while others such as Ca and Al have in general an opposite 
effect. 

In dyes of the fluorescein series, of which the eosins and erythrosin 
are the best known to biologists, it has been shown (Kerr, et al.)? 
that the number of halogens present in a dye has a distinct effect on 
its elimination by such organs as the liver and kidney. Those dyes 
that have six or more halogens are eliminated rapidly and entirely by 
way of the bile, while those which contain less than six halogens are 
eliminated less rapidly by way of the liver and also appear in the 
urine. 

The degree of toxicity of a dye is also of major importance in studies 
made on living tissues. Several samples of American neutral red com- 
pare unfavorably as to toxicity with neutral red produced by Gribler 
before the war. In intravenous injections this is especially notice- 
able and complaints from those who use the dye supra-vitally are 
not uncommon. 

It seems unnecessary to discuss further the great need of knowing 
the exact chemical constitution, quantitative as well as qualitative, of 
a stain which.is being used in the study of living material; and it 
seems to the author that a step in advance could be made if biologists 
by requests to manufacturers would urge that the label have, be- 
sides the complete trade name, a statement of the chemical compo- 
sition including the form (salt) in which the stain is sold. Manu- 
facturers have made very little objection to the statement of actual 
dye content requested by the Commission on Standardization of 
Biological Stains, in the case of certified stains, and if they were con- 
vinced that biologists really desire a statement on the label as to 
definite chemical composition it is quite possible that such infor- 
mation would be readily supplied, so far as known by the manufac- 
turer. 

Some foreign manufacturers are now supplementing the trade name 
with a qualitative statement of the materials contained. The origin 
of many dyes, however, is often completely obscured by the practice 
followed by many distributing firms, who for advertising purposes, re- 
move the manufacturer’s original label and replace it with their own. 


*Kerr, W. J., Delprat, G. D., Epstein, N. N., and Dumevitz, M. 1925. The rose 
bengal test for liver function: studies on the rate of ninatn from the circulation 
in man. Jour. Am. Med. Assoc. 85. 942-946. 





THE MECHANISM OF STAIN ACTION WITH BASIC DYES 
By Watrer C. Hotes, Washington, D. C. 


Asstract.—The chemical theory of staining is discussed in the 
light of recent discoveries respecting the mechanism of the reaction 
of basic dyes with substances of an acid character. It is pointed out 
that staining may result through the formation of addition products 
as well as through the formation of dye salts. 


The nature of the retention of color in dyeing has been under dis- 
pute for more than a century and still remains an open question. The 
earliest theory advanced represented the dyeing process as a purely 
mechanical operation. The opponents of this view regarded it as 
being of a purely chemical character, involving the formation of defi- 
nite chemical compounds through the interaction of dye and the 
material which is dyed. More recently a variety of other theories 
have been proposed, of which the more important have been that 
dyeing is a solution phenomenon, or that it results principally through 
phenomena of surface adsorption or of colloidal precipitation. Evi- 
dence has been cited both for and against these antagonistic views. 
No one of them, in itself, appears to afford an adequate explanation of 
dyeing in all its varied aspects. This is hardly surprising in view of 
the great variation found in the chemical and physical characteristics 
of both dyes and the materials on which they find application, and the 
further diversity of dyeing methods employed. It is probably the 
present consensus of opinion that the essential character of the 
mechanism of dye retention is different in different cases, and that in 
individual instances the dyeing may often result through the com- 
bined operation of a variety of factors. 

The dyeing of technical products and the staining of microscopic 
materials are thoroughly analogous operations, and whatever has 
been said of dyeing applies with equal force to biological staining. 
In some instances, as in nuclear staining by means of basic dyes, it 
appears probable that the phenomenon is essentially chemical in 
character. In other cases it seems probable that physicochemical or 
physical factors are operative. A more definite and complete under- 
standing of the mechanism of color retention in staining will probably 
lead to decided improvements in staining technic. It will probably 
also be found an essential prerequisite to the successful prosecution of 
“chromolytic” investigations of the type which have been initiated 
by Unna in the expectation of clarifying the obscure chemistry of 
microscopic structures. 
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It is obvious that any satisfactory understanding of the mechanism 
of staining must be conditioned upon an adequate understanding of 
the essential characteristics and properties of dyes. It has recently 
been established that the basic dyes, (one of the most important 
classes of dyes to the biologist), form reaction products with organic 
substances through a type of reactivity other than that of definite 
salt formation. (It is a pleasure to acknowledge that the investiga- 
tion of these substances was undertaken owing to certain pertinent 
observations reported by R. W. French of the Army Medical Service, 
Walter Reed Hospital, Washington.) Altho any detailed discussion 
of these products would be premature it is felt that a preliminary ref- 
erence to their occurrence, and to the significance which the type of 
reactivity in question may eventually prove to have in connection 
with staining, may be of service in stimulating interest in the further 
investigation of the questions at issue. 

The chemical theory of staining assumes a chemical interaction 
with the formation of a reaction product of definite constitution. 
The substance which reacts with the dye may bea natural and normal 
constituent of the material stained, or may have been formed through 
hydrolysis or otherwise as a result of treatments which have preceded 
the staining or, finally, may be a mordant deliberately introduced for 
that purpose. In any event the stain retention is assumed to involve 
a definite chemical reaction. It has been suggested! that dyes may be 
retained, in some instances, by a kind of ring condensation between 
the dye and the dyed material, but this view has little support and 
has met with no general acceptance. It has hitherto been generally 
held by the advocates of the chemical theory that the only probable 
method of reaction (and, indeed, the only possible method under 
practical coloring conditions) is through salt formation. 


The term salt formation is somewhat ambiguous and a brief state- 
ment is advisable respecting its connotation in the present connec- 
tion. The typical basic dyes are polyaminated compounds. Each 
amino group, irrespective of whether or not its hydrogen atoms have 
been substituted by organic radicals, is capable of salt formation of 
the ammonium type; that is, analogous to the formation of am- 
monium chloride from ammonia. The dyes themselves are salts of 
the ammonium type, but they invariably also contain one or more un- 
saturated amino constituent groups at which further salt formation 
may occur. Under suitable conditions the formation of polyacidic. 
salts does occur, in fact, and each progressive step in the process is 


1Binz, A. and Schroeter, G. Ueber den Process des Farbens. Ber. d. Deut. Chem. 
Gesel. 35, 4225, 1902; 36, 3008, 1903. 
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accompanied by a decided deepening of the color which is known to 
attend the conversion of the amino nitrogen atoms in the dye mole- 
cule from the trivalent to the pentavalent state. This type of salt 
formation does not occur, however, under practical staining con- 
ditions. It has been referred to here because its character has not, 
apparently always been fully understood. Thus Ehrlich? refers to 
certain compound dyes as “triacid,” and very plainly implies that 
they are triacid salts in the chemical sense. Polyacidic salts of the 
dyes cannot exist, however, except in very acid solution; and in the 
case of these compound dyes, where the monoacidic salt is insoluble, 
their formation is out of the question. It is inconceivable, moreover, 
that the polyacidic salts of the dyes should play any role in staining. 

The type of salt formation to which the advocates of the chemical 
theory of dyeing attribute the retention of color is one of simple 
metathesis. A basic dye is a salt of an organic base with an acid 
(usually hydrochloric). Methylene blue (hydrochloride), for ex- 
ample, could be represented by the formula (M. B.) Cl, in which the 
symbol (M. B.) stands for a complex organic radical of a basic char- 
acter composed of thirty-eight atoms. An acid dye is a salt of an 
organic acid with a metal (usually sodium). LEosin, for example, 
could be represented by the formula (E) Nas, in which the symbol 
(E) stands for a complex organic radical of an acid character com- 
posed of thirty-five atoms. Many of the dyes employed in staining 
contain more atoms than these but practically all of them are salts. 
They undergo electrolytic dissociation in aqueous solution and their 
general behavior is closely analogous to that of the less complex and 
more familiar inorganic salts. 

If a solution of sodium chloride is added to one of silver nitrate a 
metathesis occurs with the formation of silver chloride and sodium 
nitrate. Similar reactions invariably occur between inorganic salts 
whenever an interchange of their ions will result in the formation of an 
insoluble product. The behavior of organic salts is precisely an- 
alogous. Methylene Blue is readily soluble in water but the salts 
which may be formed by the combination of its basic radical with the 
acid radicals of many organic substances are relatively insoluble. 
Such salts are formed, accordingly, when the dye is brought in con- 
tact with the acids in question, or with their salts. The resulting 
products are colored, and it is this simple type of metathetical re- 
action which is assumed to be the effective agency in color fixation in 
staining operations. 


2Ehrlich, P. Enzyklopadie der Mikroskopischen Technik. 2nd ed. Berlin, 1910. 
See Vol. II, p. 313. 
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Dyes exhibit another type of reactivity, however, which may 
eventually be found to play an important role in staining. Alldyes 
are of unsaturated constitution, and basic dyes, in particular, give 
decided manifestations of residual affinity. An instance in point is 
found in the so-called zinc chloride double salt of methylene blue. 
It has been known for many years that methylene blue (hydrochlo- 
ride) forms a relatively stable unimolecular compound with zinc 
chloride, and the dye is often marketed in the latter form owing to the 
fact that it is decidedly less soluble than the hydrochloride and is 
correspondingly easier for the manufacturer to isolate. It has now 
been discovered that basic dyes, in general, form analogous com- 
pounds with organic substances of a phenolic or weakly acid charac- 
ter. These compounds are stable products of practically the same 
color as the dyes from which they are prepared, and are of relatively 
inferior solubility. In general they contain the dye in combination 
with as many molecules of the reacting acid substance as there are 
unsaturated amino nuclei present in the dye molecule. They must be 
considered addition products in which the acid components are 
bound to the unsaturated amino nitrogen atoms of the dye through 
the agency of residual affinity, or partial valences. 


The reaction of basic dyes with organic substances of an acid 
character may result, accordingly, either in the formation of new dye 
salts by metathesis or in the formation of new compounds of the 
addition product type. Evidence has been obtained that both meta- 
thesis and addition may occur simultaneously, but such instances are 
probably unusual. In general the reactions which have been in- 
vestigated have proved to be of the simple metathetical type or of the 
simple addition type. The influence of variations in constitution of 
the reacting acid organic compounds upon the type of their reac- 
tivity with the basic dyes is still under investigation. 

It is an evident corollary from these premises that dyeing and 
biological staining may probably result, in some instances, from meta- 
thetical salt formation and, in others, from addition product for- 
mation. 


Reference may be made to one aspect of this conclusion which is of 
interest to the biologist. Under the old conception of chemical stain- 
ing the exhibition of affinity for basic dyes could be interpreted as 
evidence of acid character, but further differentiation was impossible. 
Under the new conception of chemical staining, which has been out- 
lined, it appears possible that more definite diagnostic conclusions 
may eventually be drawn. If reliable methods can be devised for dis- 
tinguishing between the two types of staining in question, and de- 
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termining which is operative in any given instance, it will be possible 
to place the stained material in one of two definite acid categories. 
The value of such a possibility in chromolysis will be obvious. 

In conclusion it may be stated that some of the addition products of 
basic dyes which have been prepared give promise of decided utility in 
staining application. They have been tested in a preliminary way 
by R. W. French, and are reported as affording excellent stainings on 
certain types of material with which the corresponding basic dyes 
prove ineffective. It appears probable that further and more com- 
prehensive comparative staining tests with the basic dyes and their 
addition products may yield results of considerable interest. 





RELATION OF AGE OF BACTERIA TO BACTERIOSTATIC 
PROPERTIES OF ANILINE DYES 


JoHn W. CuuRcHMAN 


Laboratory of Experimental Therapeutics, Cornell University Medical 
School, New York City. 


ABsTRACT.—The bacteriostatic properties of aniline dyes bear a 
distinct relation to the age of the organism used for the study. 
Older cultures are much less resistant to gentian violet than young. 
This rule holds even for organisms which are undergoing sporulation. 

It is well known that the behavior of bacteria toward chemical 
agents may vary somewhat with their age. In general they become 
more susceptible to hostile agents the older they grow. This general 
principle does not hold entirely true for the spore bearing organisms, 
since to the bacteriocidal effect of heat (for example) spores are much 
more resistant than the corresponding vegetative forms. Since it is 
extremely difficult to obtain cultures of spore-bearing’ organisms 
which can be positively stated to contain no spores it is impossible at 
present to make a dogmatic claim as to the relative resistance of spore 
and vegetative form to the bacteriostatic effect of gentian violet. 


The matter is at present under investigation. But we have reason 
for believing that to the bacteriostatic effect of certain of the aniline — 
dyes the resistance offered by the vegetative forms approaches very 
closely, if it does not entirely equal, that of the spores. 


During the course of extensive experiments on the relative bac- 
teriostatic effects of various substances, I have been repeatedly im- 
pressed with the importance of taking into consideration the age of 
the culture with which the experiment was being done and much in- 
terested in the relative resistance of spore and vegetative form. We 
have therefore done a large series of experiments on type organisms 
to seek enlightenment on these points. The organisms used were of 
the colon, prodigiosus, subtilis and Staphylococcus aureus types. 
These were grown in 4 ways: on agar at 37° and 20°C., and in broth at 
the same temperatures. Streak inoculations on plates containing 
Coleman and Bell gentian violet (dilutions varying from 1 to 4,000,- 
(000 to 1 to 10,000) were made at varying intervals from 24 hours to 6 
weeks. Control plates were always made to insure that the organ- 
ism under examination had not died out completely. In order to be 
sure that the results in the late experiments were not simply due to the 
fact that fewer living organisms were present in the inoculum (since 
many bacteria in the culture at the end of six weeks were of course 
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dead) much heavier suspensions were used for the late inoculations 


than for the early ones. 
These experiments showed conclusively that susceptibility to dye 
(gentian violet) increases with the age of the culture and that this re- 
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Fic. 1. Results of Transplants made at intervals during a period of six weeks. 

The Figures 0, 1, 2, 3, and 4, used for co-ordinates, indicate respectively: no growth, 
few colonies, very slight growth, slight growth and abundant growth. 

Time intervals shown as abscissae. 

Organisms grown in broth at 20 C. 


Curve for B. coli when planted on 1 to 25,000 gentian violet agar. 

— — —--— Curve for B. subtilis when planted on 1 to 2,000,000 gentian violet agar. 
0-0-0-0-0 Curve for B. prodigiosus when planted on 1 to 25,000 gentian violet agar. 

= Curve for Staph. aureus when planted on 1 to 3,000,000 gentian violet agar. 
lation holds true even of an organism which is sporulating. The su- 
sceptibility of the colon organism appears to be less affected by age, 
and that of Staphyloccus aureus more affected than that of the other 
organisms used. The results obtained in one experiment have been 
charted in Fig. 1. Similar results were obtained in all the experi- 
ments though the curves did not of course always follow identical 


paths. 





A SAFE SPORE STAIN FOR CLASS USE 


By Henry G. May 
Department of Bacteriology, Rhode Island State College. 


ApsTRaAcT.—In looking for an efficient method of pre-treating 
bacterial spores for staining with carbol fuchsin, the author found 
that the ammonia in Lagerberg’s formula and the chromic acid in 
Moeller’s formula were both fairly effective in increasing permea- 
bility. Combining the two proved highly successful; and the follow- 
ing method has been used for four years by classes of beginners in 
the study of spore-formers isolated from soil by the students. 

Cover the heat-fixed smear with five percent chromic acid and after 
thirty seconds add twice the amount of concentrated ammonia to 
the acid. After two minutes rinse and steam with carbol fuchsin for 
two or three minutes. Rinse, destain with one percent sulphuric 
acid for fifteen to thirty seconds, rinse again and flood slide with tap 
water. Add to this a few drops of Loeffler’s methylene blue and allow 
to counter-stain for ten to thirty seconds. Rinse, blot, dry and exam- 
ine. If instructions are followed the results are always good. 

Carbol fuchsin has in recent years formed the basis for nearly all 
spore stains. Some authors have used a previous preparation of the 
spore film while others have recommended the use of this stain with- 
out any pre-treatment of the slide. Burke! has recently shown 
that live spores will remain unstained while dead spores will be 
stained by the simple treatment with hot carbol fuchsin. This may 
explain why the spores of some cultures are readily stained with 
steaming carbol fuchsin while those of other cultures appear very re- 
sistant to this treatment. 

In the hands of the author the staining of untreated films has been 
very unsatisfactory for class use because the spores of some cultures 
refuse to take the stain even after prolonged intermittent steaming. 
For the use of this method it is, therefore, necessary to select care- 
fully such cultures as possess spores that are readily penetrated by 
the dye. 

The use of Moéller’s? pre-treatment with chloroform and _ five 
percent chromic acid has given a higher degree of positive results, but 
some cultures are very resistant to the stain even after this treatment. 


‘Burke, Georgiana S. 1923. Studies on the thermal death time of spores of Clostridi- 
um botulinum. 2. The differential staining of living and dead spores. Jr. Inf. 
Diseases, 32, 433-438. 

*Moller, H. 1891. Uber eine neue Methode der Sporenfarbung. Cent. f. Bakt., 
10, 273-277. 
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Incidentally the chloroform treatment was found to be of little or no 
value, the whole increase in penetration being due to the chromic 
acid. 

Lagerberg’s* method of pre-treatment with copper sulphate to 
which concentrated ammonia is slowly added was found to give some- 
what better results than Moller’s pre-treatment. The copper sul- 
phate, however, was found to be of very little value, the chief ad- 
vantage being due to the concentrated ammonia. 

An attempt to use Lagerberg’s method with five percent chromic 
acid substituted for the copper sulphate proved extremely success- 
ful. The method has now been in use in the classes at this labora- 
tory for four years and has given unfailing results. The students use 
for this work cultures that they themselves isolate from soil, so that 
there has been no attempt to select cultures. 

The method used is as follows: 

1. Make film and fix by heat as usual. 

2. Cover with small amount of five percent chromic acid. 

3. After 30 seconds add about twice as much concentrated am- 
monia as there is chromic acid on the slide. Allow to act about two 
minutes. 


4. Rinse with tap water. 
5. Steam with carbol fuchsin for two or three minutes. 


6. Rinse. 

7. Destain with one percent sulphuric acid for fifteen to thirty 
seconds. 

8. Rinse again and flood slide with the tap water. 

9. Add to this a few drops of Loeffler’s methylene blue and allow to 
stain for ten to thirty seconds. 

10. Rinse, blot, dry and examine. 

The dilution of the methylene blue is necessary because the pre- 
treatment increases the staining properties of the cells so much that 
a good methylene blue overstains when used in concentrated form 
even if rinsed off a second or so after it is put on the slide. 

The results with this method will not always be equally good, as a 
lack of sufficient destaining may leave some vegetative cells red or an 
overstaining with methylene blue will make the cells opaque and 
even form a heavy film over some of the spores, but the spores will 
always be stained and clearly visible. The average student has no 
more difficulty with this method than with the Gram stain and usually 
obtains more reliable results. 

’Lagerberg, Ivar. 1917. Eine neue Methode der Sporenfarbung nebst Bemerkung 


tiber sdurefeste Granula in sporenhaltigen Bakterien. Cent. f. Bakt., Abt. I, Orig., 
79, 191-192. 
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Racuet Haynes, Histologist, Commission on Standardization of 
Biological Stains, Geneva, N. Y. 


ABSTRACT.—Two uses of methylene azure are suggested. This 
dye gives a very good nuclear stain after most fixations when preceded 
by weak NaOH; but eosin Y cannot be used as a counter-stain. 
Methylene azure also proves very useful in the Mallory eosine- 
methylene-blue technic, in which it can be substituted to advantage 
for polychrome methylene blue. The following three schedules are 
recommended : 
j2.5% aqueous phloxine 15 minutes 
(0.1% aqueous azure 1-30 minutes 
(2.5% aqueous phloxine 15 minutes 
Mixture in equal parts of 0.1% azure and 0.1% 

methylene blue 30 minutes 
j2.5% aqueous phloxine 1 minute 
11.0% aqueous azure 1-2 minutes 
Of these the first two give rather better results; but when time is 
lacking the third is quite satisfactory. 


Methylene blue and eosin have been used together for many years 
in several different staining technics. In most cases better results 
were obtained with polychrome methylene blue. Many contro- 
versies have arisen as to what dye is really responsible for the nuclear 
stain produced by ripened methylene blue. Now, however, it is 
generally agreed that: some of the azures are at least partly respon- 
sible for it. Since azure A is procurable in fairly pure form, it seemed 
a plausible idea that it might be advantageously substituted for 
polychrome methylene blue in some of the methods in which the 
latter is used. If this substitution should prove successful, one 
could make up a solution of known constitution (thus enabling him to 
duplicate his results), the long drawn out and uncertain process of 
ripening would be eliminated, the staining could be carried out as 
soon as the solutions were made up, a more brilliant nuclear stain 
might result (due to the greater concentration of the dye), and finally 
a shorter time for staining would be required. 

Methylene azure is most conveniently used in general tissue work in 
two procedures—a modification of the French technic where aqueous 
uzure is followed by alcoholic eosin and a modification of the Mallory 
cosin-methylene-blue technic in which aqueous eosin is followed by 
aqueous azure. Originally each of these two technics could be used 
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satisfactorily after but one fixative—the French stain after formalin, 
the Mallory after Zenker fixation. The modifications developed 
make them both useful after a wider range of fixatives. Details of 
these two modifications are given below. 

The French Technic. French! originally used azure after formalin 
fixed tissue staining in a 1% aqueous solution for five minutes. De- 
staining and counterstaining were accomplished in the same process by 
the use of an alcoholic solution of eosin to which a small amount of 
acetic acid was added. It was found that this stain could not be used 
satisfactorily with most fixatives due to the fact that the azure was re- 
moved with alcohol so rapidly that the counterstain could not be 
added nor the slide run up to xylol. A modification has therefore been 
suggested’, in which clove oil is used as a solvent for the counter- 
stain; and by this method slides can be obtained fairly successfully 
after nearly all fixatives. 

Now, in a recent paper, Naylor* has shown that a previous treat- 
ment with a base improves the staining of the basic dyes, malachite 
green, toluidin blue, safranin, and basic fuchsin. Theidea therefore 
suggested itself that pre-treatment with a base might improve the 
staining properties of azure. Sections of Zenker, Bouin and Flem- 
ming fixed material were placed in weak NaOH, rinsed, then stained 
in azure, destained, and an excellent nuclear stain resulted. Methy- 
lene blue proves not to be affected by previous treatment with a weak 
base; while thionin used in the same way is influenced by the treat- 
ment with alkali to a greater extent than methylene azure and gives 
an even better stain. It is interesting to note in this connection that 
azure is intermediate in chemical composition between thionin and 
methylene blue. 

The chief difficulty with the modification of the French technic 
suggested by these observations is that, following previous treatment 
with a base, there is some difficulty in securing a good counterstain. 
Work on this point is being done at present; with the expectation of 
publishing the results shortly. 

The Mallory Technic.’ The Mallory technic originally called for a 
5% aqueous eosin solution (used for 1 hr.) followed by a 1% poly- 


1Holmes, W. C. and French, R. W. The oxidation products of methylene blue. 
Stain Tech. 1, 18, 1926. (See p. 25.) 

*Haynes, R. Modification of the French azure C tissue*stain. Stain Tech. 1, 68. 
1926. 

3Naylor, C. E. The hydrogen-ion concentration and the staining of sections of plant 
tissue. Am. J. of Bot. 13, 265. 1926. 

‘Mallory, F. B. and Wright, J. H. Pathological Technic. 8th Ed. Saunders, 
Philadelphia. 1924. See p. 100. 
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chrome methylene blue solution diluted 1 to 7 or 10 with water and 
used for one-half hour. Later, since the eosin obtainable did not give 
a sufficiently brilliant stain, Mallory substituted phloxine® and used 
this in a 2.5% solution at 52° for 1 hr. with 1% polychrome methy- 
lene blue (diluted 1-10) for half an hour. 

It was decided to try out the staining qualities of azure in this 
technic. A number of tests were carried out to determine the best 
solution to use and the correct time for staining. In preliminary 
trials both eosin and phloxine were used as contrast stains and it was 
found in agreement with Mallory’s results that phloxine gives the 
more brilliant cytoplasmic stain. Therefore a 2.5% aqueous solu- 
tion of phloxine was used and three different solutions of the nuclear 
stain—a 1% solution of methylene azure—a 0.1% solution of methy- 
lene azure—a 0.1% solution of 14 methylene azure and % unripened 
methylene blue. Various times were.tried; almost all the slides were 
passable but the best combinations seem to be as follows: 

ae aqueous phloxine 15 mins. 
0.1% aqueous azure 30 mins. 
2.5% aqueous phloxine 15 mins. 
j Mixture in equal parts of 0.1% 
| aqueous azure and 0.1% methy- 
| lene blue 
hs aqueous phloxine 
1% aqueous azure 

Slides stained by each of these three methods have been sent to 
Dr. Mallory’s laboratory and have been reported satisfactory. These 
combinations of time are therefore recommended; but it must be 
recognized that no two individual workers are satisfied with exactly 
the same shade of red and the same amount of blue. Consequently 
the times must be altered to suit the individual preference. It will 
be noted that the first two procedures take almost an hour for stain- 
ing whereas the third only takes 3 minutes. The first two give rather 
better results; but when time is lacking the third is quite satisfactory. 
The following schedule shows the detailed technic in the case of the 
first of the three. 

Original Method Modification 
. Xylol (several changes) 1. Xylol (several changes) 

. Absolute alcohol (several changes) 2. Absolute alcohol (several changes) 

3. 95% alcohol 3. 95% alcohol 
+ 
5 


. 0.5% iodine in 90% ale.—15 mins. . 0.5% iodine in 95% ale. 
. 95% alcohol (until iodine is removed) . 95% alcohol until iodine is removed 


‘From personal letter from F. B. Mallory quoted in Biological Stains (H. J. Conn, 
1925), p. 82. 
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Water . Water 
5% aqu. eosin 20 mins. (2.5% aqu. . 2.5% aqueous phloxine 15 min. 
phloxine 1 hr. at 52°) 
Wash in water . Wash in water 
Unna’s alkaline methylene blue di- . 0.1% aqueous methylene azure 30 min. 
luted 1—4 (1-10) 30 mins. 
Wash in water . Wash in water 
Differentiate in 95% alcohol with a . Differentiate in 95% alcohol with a 
couple of drops of colophonium few drops of colophonium keeping 
keeping slide in motion slide in motion. 
12. Absolute alcohol . Absolute alcohol (several changes) 
13. Xylol 13. Xylol (several changes) 
14. Xylol Balsam 14. Xylol Balsam 


Both Bouin and Zenker fixed material prove satisfactory; tissue 
fixed in formalin or Flemming’s solution cannot be used in this technic. 


General Comments. In regard to the keeping qualities of aqueous 
azure solutions it may be said that those which are now in use here 
were made up five months ago and are apparently as good as new. 
So far only azure I (methylene azure) of the National Aniline and 
Chemical Co. has been tried. This is composed largely of azure A, 
and the sample used had a dye content of 87.2%. It is hoped later on 
to try out other azures. 

The mechanism of staining in these two technics for the use of 
azure seems to vary. In the case of the French technic with for- 
malin-fixed tissue, the tissue is mordanted during fixation and is so 
prepared for staining that the azure seems to be changed in the tisstie 
from a compound soluble in water to one insoluble; and as a result 
the slide may be washed in water before destaining in alcohol. If, 
however, a slide that has been fixed in Bouin, is stained in 1% azure 
without any previous treatment and is washed in water and dehy- 
drated with alcohol practically all the azure is washed out by the 
water and alcohol. But when one treats a slide of this same Bouin- 
fixed material for a minute with a solution of NaOH before staining, a 
deep stain is obtained which does not dissolve with water, and the 
section may be destained with alcohol. 

The case of aqueous phloxine and azure seems to be different. 
Here the cytoplasmic dye (phloxine) itself seems to act as a mordant 
so that, when the slide is placed in azure, the compound azure- 
eosinate may be formed, just as this compound is formed when an 
aqueous solution of azure is added to an aqueous solution of eosin in a 
test tube. Azure-eosinate is insoluble in water; thus slides stained in 
this way may be washed in water without losing the dye. It is some- 
what soluble in alcohol, however; the latter, therefore, may be used 
for destaining. When a slide stained with eosin is washed in water, 
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put under the microscope and a drop of azure added, it will be noted, 
using the low power, that a dark blue precipitate forms above the 
section. If a similar slide is examined while staining under an oil 
immersion lens it is easy to decide that no actual precipitate is formed 
in the tissues themselves, or at least if it is, it is formed after the 
material becomes so deeply stained that one is unable to see it. Per- 
haps one reason why azure works so much better than methylene blue 
in the Mallory technic has to do with the formation of the eosinate; 
for azure-eosinate is much more readily and abundantly formed in 
aqueous solutions than methylene-blue-eosinate. 

The mechanism of the staining process involved is being further in- 
vestigated at present. 
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A Pararrin Rippon Cooter. With the approach of summer 
weather the handling of paraffin material becomes increasingly difli- 
cult. While it is possible with the use of heavy microtome knives 
cooled in icewater to make sections at any time of the year, the hand- 
ling of the ribbons after they are cut is often quite a problem. With a 
temperature of 80° and above, the ribbons, especially if they are wide, 
become soft and sticky and are not easily managed. To minimize this 
difficulty the writer constructed and used with much success the 
following simple apparatus. 


A heavy brass plate serves as a foundation; it can be of any size 
found desirable for individual needs. The end of the plate bears a 
narrow tank about 6 inches high and 4 inches wide. This tank is 
filled with crushed ice, and because of its excellent conductivity the 
brass plate is kept cool thruout its entire length. The microtome 
knife can be kept cool by putting it in the icewater of the tank, while a 
small compartment within the larger tank (see figure) serves to hold 
the paraffin blocks ready to be sectioned. 

If the apparatus is kept close to the microtome it will reduce the 
temperature in its immediate vicinity and keep the microtome cooler 
than would normally be the case. The apparatus was constructed at 
a net cost of only three dollars. 

Ernst ARTSCHWAGER, Washington, D. C. 





